Background: It is inappropriate to use universal reference values to interpret stretched penile length measurements and testosterone concentrations in newborns with variable ethnic backgrounds. Objective: To establish normal reference values for stretched penile length, free and total testosterone concentrations in fullterm Egyptian newborn and to correlate them with anthropometric parameters. Methods: 180 fullterm healthy newborn boys to uncomplicated pregnancies and deliveries were enrolled. Penile length, weight, length, occipitofrontal circumference were measured within 24 h of birth. Total and free testosterone concentrations were assayed. Results: The mean penile length was 3.14 ± 0.38 cm, the mean free testosterone was 13.76 ± 8.67 pg/ml, mean total testosterone was 1.98 ± 1.35 ng/ml. Penile length correlated positively to birth weight, to crown heel length and to penile length/crown heel length ratio. Penile length correlated positively to free and total testosterone. Total testosterone level correlated positively to crown heel length and to free testosterone. Conclusion: Our study is a step toward achieving accurate reference charts for Egyptian male newborns. A multicenter, larger scale study is needed to establish Egyptian norms. ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Pediatric Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-nc-nd/4.0/).
Introduction
Evaluation of external genitalia is an important part of the physical examination of the newborn child. A penis of ''inadequate'' size in a male newborn alerts the clinicians in cases of potentially life-threatening abnormalities and can cause parental anxiety. 1 Consideration of the expected phallic size in the newborn enables the detection and objective definition of abnormalities such as micropenis and ambiguous genitalia. 2 Micropenis may be the only outward manifestation of a hypothalamus-pituitary axis disorder with multiple pituitary hormone deficiencies. 3 Penile length may vary in different populations, with race and ethnicity, and may yield different normal values. 3, 4 The most established normative data on healthy full-term newborn males come from two widely referenced studies on Caucasian babies. 5, 6 These data may not be applicable to our population. Moreover, recent studies from various parts of the world have aimed to establish penile norms representing their own populations. 1, 3, 7, 8 Not enough data are present about the reference range of penile length in healthy fullterm newborns from Egypt, very few from Arabian populations. There are no available data about the reference range of total and free testosterone in full term Egyptian neonates.
Hence, this study aimed to establish the reference values for penile length, total and free testosterone concentrations in healthy full term Egyptian newborn infants of uncomplicated pregnancies and deliveries and to correlate them with neonatal anthropometric measures.
Methods

Patients
This observational cross-sectional study included 180 liveborn male neonates delivered at the maternity hospital of the Ain Shams University, in the period of June 2014 to November 2014. Written informed consent was obtained from the mothers before recruitment into the study. This study was approved by the Ethics Committee of the Pediatric Department, Ain Shams University.
Full term infants (37 6 to < 42 weeks of gestation), normal birth weight (2.5 6 to < 4 kg), apparently healthy to healthy mother, uncomplicated pregnancy and delivery were included. Preterm or low birth weight infants, infants whose mothers had a history of/or suspected any endocrinal diseases, infants whose mothers were taking any drugs except vitamins and tonics, infants with any external abnormalities of external genitalia, and sick infants were excluded from the study.
Methods
For all neonates complete medical and obstetric history was taken laying stress on maternal age, consanguinity, socio-economic class of the mother, any endocrinal diseases, drugs or hormonal therapy, mode of delivery, Apgar score at 1 and 5 min. The gestational age of an infant was assessed by the mother's last menstrual period and/or early ultrasound dating, and cross-checked with the new Ballard score examination after birth. 9 Thorough clinical examination and anthropometric mea- Stretched penile length (SPL): Three measurements were taken to the nearest millimeter from each infant to minimize errors, and the mean value was recorded. Measurement was done by the same person each time, within 24 h of delivery. Penile length was determined by the method described by Schonfeld and Beebe. 10 The stretched penile length was determined by measuring the distance from the penile base under the pubic symphysis to the tip of the glans using a rigid ruler held firmly against the symphysis pubis at a right angle. The shaft of the penis was stretched to the point of increased resistance, as the ruler was placed at the base of the penis while the pubic pad of fat was maximally depressed, and the measurement was taken along the dorsal aspect.
Laboratory investigations
Cord blood samples were withdrawn into plain tubes for clotting, centrifugation and the serum separated and then stored at À70°C until used for total and free testosterone assay.
Total serum testosterone was assayed by enzyme immunoassay by available kits supplied by 'Chemux Bioscience, Inc'. Free serum testosterone was assayed by microplate enzyme immunoassay by available kits supplied by 'Accu-Bind, Monobind Inc'. Procedures were done according to manufacturers' recommendation.
Statistical analysis
Data were analyzed using Statistical Package for Special Science (SPSS) software computer program version 15 (SPSS Inc., Texas, USA). Quantitative data were described using mean ± standard deviation, median and interquartile (IQR) range; qualitative data were described in the form of numbers and percentages. Student t-test of two independent samples was used for comparison of normally distributed quantitative variables while the Mann-Whitney test was used for non-parametric data. Chi-square test was used for comparison of qualitative variables. Correlation between continuous variables was performed using Spearman correlation coefficient (r). The probability of error at or less than 0.05 was considered significant, while at 0.01 and 0.001 are highly significant.
Results
A total of 180 male infants were included. The anthropometric characteristics and total and free testosterone concentrations of studied neonates are listed in Table 1 . One hundred and twelve neonates (62.2%) were delivered by cesarean section, 68 neonates (37.8%) were born vaginally. Penile length, total and free testosterone concentrations were comparable in those delivered by cesarean section and those born vaginally (P > 0.05). Seventy-four neonates (41.1%) had a gestational age less than 38 weeks, while 106 neonates had a gestational age P 38 weeks. No difference in penile length was found in those < 38 weeks of gestation versus those P 38 weeks, Table 2 .
Penile length correlated positively to birth weight (r:0.373, P:0.039), to crown heel length (r:0.376, P:0.034), and to penile length/crown heel length ratio (r:0.918, P < 0.001) (Figs. 1 and 2). Penile length correlated positively to free testosterone (r: 0.225, P:0.048) and to total testosterone (r:0.249, P:0.047) ( Figs. 3 and 4 ). Total testosterone level correlated positively to crown heel length of the newborn (r:0.296, P:0.042) and to free testosterone (r:0. 569, P < 0.001) .
Discussion
In the routine examination of the newborns, an accurate measurement and record of the phallic length is important. The examiner must have an accurate measurement with the Weight (kg) Figure 1 Stretched penile length correlated positively to birth weight (r:0.373, P:0.039). Considering a phallus to be normal or abnormal should be based on accurate methodology comparing the value to available standards, taking in consideration the racial and ethnic differences that may cause significant discrepancies in penile measurement. 11 In our study, the mean SPL of term newborns was 3.14 ± 0.38 cm .This value corresponded to what was previously reported, that the mean SPL among full term Turkish newborns was 3.16 ± 0.39 cm. 12 Our results were a little bit lower than those reported in a previous study done on Egyptian neonates with a mean penile length of 3.4 ± 0.37 cm. 13 Our results were a little bit lower than those reported in studies done on Caucasian newborns. Previous studies reported a mean penile length of 3.5 ± 0.4 cm and 3.5 ± 0.7 in Caucasian term newborn infants 5.6. In addition, mean SPL was reported to be 3.65 ± 0.27 cm in a study from Turkey. 14 Furthermore, previous studies reported a mean penile length of 3.49 ± 0.4 cm in Danish and Finnish male newborns 15 and a mean of 3.57 ± 0.45 cm in a study from Lithuania. 16 Nevertheless, similar values were reported in some Asian countries. Mean SPL was found to be 3.4 ± 0.4 cm in a study from Singapore 7 and 3.5 ± 0.4 cm in a study from Malasia. 3 Few data are available from Arabic and African populations. Previous study reported that mean SPL was 3.55 ± 0.57 cm in Saudi Arabian infants. 17 Moreover, a study from Nigeria reported that the mean SPL was 3.41 ± 0.47 cm. 2 On the other hand, some studies from Asia presented significantly lower values. A study from Indonesia, reported that mean SPL was 2.86 ± 0.23 cm 18 and another one from China, showed that mean SPL was 3 ± 0.4cm. 1 In one study from India, mean SPL was reported to be 2.31 ± 0.61 cm 19 , while in another one from Japan, the mean SPL was 3.06 ± 0.26 cm. 20 The cause of variations in penile length within and between different populations is probably multiple and environmental, climatic, nutritional, endocrine and genetic variations could all contribute. 21, 22 The existing data suggest that there may indeed be some race-based differences in phallus size.
On the other hand some authors are against these suggestions claiming that there is lack of historical data on penis size that would allow researchers to see how the size of the human penis has changed over time in different cultures and societies, suggesting that study population size, selection of participants as well as methodological variation might explain the differences seen in penile lengths of different countries. 23 These results challenge the usage of a single standard methodology claiming applicability and university for all. 7 Micropenis is a condition that describes a penis that is abnormally small but otherwise normally formed with the urethral opening at the tip of the glans penis. 20 Using the definition of micropenis as a normal penis with a length more than 2.5 SD below the mean, this study showed that an Egyptian infant with a penile length of less than 2.19 cm has a micropenis. This will be useful in aiding prompt diagnosis and prevent over-estimation of the micropenis which would lead to unnecessary investigations and/or treatment.
It has not been examined systematically whether the hormonal environment during gestation differs by race or not. 24 In our study, we found that the mean free testosterone level at birth was 13.76 (8.67 pg/ml, and the mean total testosterone levels at birth was 1.98 ± 1.35 ng/ml. These values are close to those provided by previous study carried on cord blood of African Americans; where the mean of total testosterone concentrations was 1.65 ng/ml and the range 0.61-3.27 ng/ml, and was comparable to white American babies. 24 Our study may be a step for providence of reference range of testosterone concentrations in Egyptian populations.
In our study, a positive correlation between stretched penile length and anthropometric body measurements has been Free testesterone (pg/ml) Figure 3 Stretched penile length correlated positively to free testosterone (r:0.225, P:0.048). Total testesterone (ng/ml) Figure 4 Stretched penile length correlated positively to total testosterone(r:0.249, P:0.047).
found. In our study, we found that SPL was positively correlated to length at birth. This positive correlation may explain the lower mean penile length reported from Asia. Similarly, previous studies reported this positive correlation. [5] [6] [7] 15, 12, 25 Similar findings were reported in adult studies, where it was suggested that penile dimensions are themselves anthropometric measures and correlated with other anthropometric measures such as height and weight. 26 We found a positive correlation of SPL and birth weight in our study. Similarly, previous study reported same positive correlation and attributed the mean anthropometric differences to the differences of various ethnic populations. 12 In contrast to our finding, others reported a negative correlation to penis size. 15 Such a finding could be explained by the association of increased subcutaneous fat in the pubic area interfering with accurate measurement. Furthermore, increased body fat has lead to increased endogenous estradiol synthesis from testosterone via aromatase activity, alternating the estrogen -androgen balance. 15 Normal prenatal male sexual development and differentiation requires normal function of several genes, functioning hypothalamic pituitary -testicular hormone axis together with normal synthesis of androgens and normal tissue response to such androgenic hormones. 27 This could be an explanation to our results which revealed a positive correlation between penile length and testosterone levels. This association was found for both total and free testosterone. Our finding is Similar to that reported by previous study in their 3 month follow up study of penile growth. 15 They found that penile growth was not linear, with a significant higher rate during 1st 3 months of life coinciding with high testosterone level. Moreover, studies in patients with androgen insensitivity showed that testosterone is the major determinant of penile length and this could be considered as an explanation for our results. 27 The limitation to this study is the small sample size to determine normal values for penile length and cord testosterone. Further study is needed on a larger scale to establish the normal for the penile length and testosterone concentrations in the newborn Egyptian.
In conclusion this study is a step toward achieving accurate reference charts for Egyptian male newborns. A multicenter study is needed to establish Egyptian norms.
